ABSTRACT
Introduction
The closure of the abdominal wall is an odd surgery stage, since performing a proper closure of the abdominal cavity can prevent or mitigate some of the potential complications arising from surgeries. Because of this, there are a variety of techniques and materials that can be used in the procedure, demonstrating surgeons' concern with regards to these complications 1, 2 .
Incisional hernia is one of the most frequent complications of abdominal surgeries, regarded as a protrusion of abdominal contents through a weak point in the wall, constituted by the scar of a previous surgery 3 . Its incidence varies between 5 to 10% after laparotomy and its recurrence may be up to 46% 4 .
The treatment of incisional hernias is essentially surgical.
There are several techniques for their correction, as for example primary suture of the wall 5 ; however the best results for this pathology are obtained by using prostheses reinforcement, with which the chances of relapse vary between 3 to 17% 6 .
Currently, polypropylene meshes are the most used prosthesis for the correction of hernias 7 ; however, because they made of unabsorbed threads, these meshes cause a great immune response, which leads to the formation of large areas of fibrosis and decreased mobility of the abdominal wall 8 . Nevertheless, the use of meshes only made of absorbable threads did not show to be more efficient than meshes made of unabsorbed threads, since the first do not diminish the chances of relapses as the later 9 .
With the knowledge of this, prostheses with unabsorbed and absorbable threads were made in order to minimize the negative effects and maximize the advantages of each type of mesh 10 . Polypropylene/polyglecaprone prosthesis are currently excelling in this area, as can be seen in a recent clinical study, which showed a lower rate of post-operative pain in patients treated with polypropylene/polyglecaprone meshes compared to patients who received polypropylene meshes 11 .
The postoperative pain control is of great importance for hernia surgery, since the use of anti-inflammatory drugs may reduce healing responses 12, 13 . Copaiba oil -a medicinal plant of the Amazon region, Brazil-stands today at the level of the public policies of the World Health Organization to encourage the use of medicinal plants; since copaiba oil has proven to have antiinflammatory and healing effects 15, 16 .
Thus, the aim of this study was to evaluate the effects of copaiba oil on the correction of abdominal defects treated with the use of polypropylene/polyglecaprone meshes in rats.
Methods
Before the start of the project, it was approved by the • Control group (CG), only treated with meshes.
• Copaiba gavage group (CGG), treated with meshes and 0.63 ml/Kg copaiba oil, by gavage, seven days prior to the deployment of the meshes.
• Copaiba dip group (CDG), treated with meshes dipped in copaiba oil for 15 minutes.
These groups were subdivided into three subgroups of four animals each to assess the time of action of copaiba oil -seven, fourteen and twenty-one postoperative days-when euthanasia of animals of each subgroup was performed.
The animals were anesthetized with ketamine hydrochloride (70 mg/Kg) and xylazine hydrochloride (10 mg/ Kg), administered intraperitoneally. Once animals' anesthesia was confirmed, was performed the epilation of the abdominal region, followed by antisepsis of the skin. Subsequently, was performed a median four centimeters incision on both sides and the exposure of the aponeurotic muscle layer.
Was followed with the excision of the ventral part of the abdomen, involving the aponeurotic muscle layer and the peritoneum with two centimeters longitudinal axis and two centimeters transversal axis, in order to create a defect in the aponeurotic muscle.
This defect was corrected in all groups with the placement of polypropylene/polyglecaprone meshes with three centimeters longitudinal axis and three centimeters transversal axis, attached at the edges with eight stitches (6-0 nylon thread) separated, equidistant, needled and atraumatic, with five semi-knots in each stitch, leaving the prosthesis margins over the anterior aponeurotic plane.
Seven days before the creation of the defect, the animals of group CGG received 0.63 ml/Kg copaiba oil, by gavage. For the CDG, the meshes were dipped in copaiba oil for 15 minutes before attaching them to the animals.
After animals' euthanasia, according to the scheduled date for each subgroup, was removed a fragment from the abdominal wall containing the entire mesh, before it was realized Effect of copaiba oil on correction of abdominal wall defect treated with the use of polypropylene/polyglecaprone mesh the macrospic analyzed, studying the presence of incision hernias, infections, dehiscences or fistulas, and the number of adhesions.
This fragment was stored in 10% buffered formaldehyde and used for histopathological analysis by means of hematoxylin, eosin and
Masson's trichrome coloration.
Inflammatory response parameters were analyzed (necrosis, type of granuloma, fibrosis, and collagen fibers intensity). These parameters were classified as 0: absence; 1: mild;
2: moderate; and 3: intense. The results were analyzed by KruskalWallis test adopting 5% significance level.
Results
Through macroscopic analysis, it was observed that not all animals studied had incision hernias, infections, dehiscences or fistulas. However, all animals studied had formation of adhesions between the meshes and the abdominal organs, showing statistically significant difference between the groups in the three periods studied (Table 1) . All animals studied showed acute inflammatory response, which was characterized by the presence of oedema, vascular congestion and infiltrated with predominance of neutrophils.
Regarding the quantity of other immune system components, there was a smaller amount of macrophages in CGG in relation to CDG (p = 0.008) in the three periods studied. There was no difference between the groups regarding giant cells. The amount of lymphocytes was smaller in the CGG compared to the CG (p = 0.0168) and the CDG (p = 0.0168) in the three periods studied.
There was no statistical difference between the periods studied and the inflammatory response in each group (Figures 1 to 3) . By Masson's trichrome staining, was searched the amount of collagen fibers in the groups. These results are described in Table 2 ; however, in the CDG was did not observe regions of collagen fibers. 
Discussion
The process of wound healing involves a series of microscopic morphological events that encompass multiple overlapping events after the injury, including coagulation, leukocytes recruitment, deposition of cellular matrix, reepithelialization, and resolution of the inflammation process, resulting in a remodeling of the initial wound forming a mature scar 17 .
The use of non-hormonal anti-inflammatory drugs during postoperative days has the capacity to decrease pain and modulate inflammation; however, their use should be cautious, because they can slow down the healing process and increase the chances of complications 18 . Some anti-inflammatory drugs have already been tested in the healing of rats' abdominal walls, and the results remain controversial, depending on the drug group studied 12, 13, 18 .
Copaiba oil is derived from the trunk of trees from the genus Copaifera. Various effects have been attributed to it; some of which have been proven scientifically, especially regarding healing and anti-inflammatory effects 15, 16 . This study aimed to analyze an alternative to conventional treatment with antiinflammatory drugs, using this medicinal plant.
The absence of dehiscence, fistulas or infections in all animals studied demonstrates that copaiba oil did not interfere in the process of healing of abdominal wall with enough intensity to cause early clinical changes as occurred in studies using tenoxicam 13 and meloxican 18 . Macroscopic results were similar to those found by Pundek et al. 19 studying polypropylene/ polyglecaprone meshes.
Adhesions result of fibrin ooze and they take place after any type of trauma. These exudates entail temporary adhesions and can delay the healing process. Almost all meshes may produce adhesions when they are in contact with the intestinal surface and this process is determined by the size of the pores and by the structure of the surface area of the mesh 20 .
In the analysis of the amount of adhesions, the CGG This study found that copaiba oil administered by gavage had effect on the body's immune response; however, the accurate determination of the mechanisms through which it operated was not possible. For these reason, it is necessary to carry out new studies in order to identify such mechanisms.
Conclusion
Copaiba oil administered by gavage decreased the quantity of abdominal adhesions and accelerated the process of collagen fibers formation, without damaging the early stages of healing. However, when used by direct dip on the mesh, it showed corrosive effect damaging the healing process of the abdominal wall.
